Intracarotid infusion of 3 ,AM glycyl-L-glutamine was found to oppose the fall in the choline acetyltransferase content of the preganglionically denervated cat superior cervical ganglion; this same effect has been demonstrated previously for acetylcholinesterase content. Because choline acetyltransferase, in contrast to acetylcholinesterase, occurs exclusively in the preganglionic axons and their terminals, this finding raises the possibility that glycyl-L-glutamine opposes postsectional axonal degeneration.
Studies conducted over the past half-dozen years have shown that both an endogenous small peptide of the cat central nervous system and synthetic glycyl-L-glutamine (Gly-Gln) can prevent the fall in acetylcholinesterase (AcChoEase; acetylcholine acetylhydrolase, EC 3.1.1.7) of the cat superior cervical ganglion (SCG) that follows preganglionic denervation (for summary, see ref. 1) . A similar effect of Gly-Gln was demonstrated earlier in cultured myotubes (2) . This neurotrophic action was shown to take place before the aggregation of the monomeric (Gl) form of AcChoEase into higher polymers (G4, A12) (3) . It was hypothesized (1) that Gly-Gln and the similar endogenous peptide enhance the transcription of the DNA coding for AcChoEase into the corresponding mRNA, in a manner analogous to that proposed for triiodothyronine in the regulation of protein synthesis (4) .
In extending these observations we have now measured the effect of infusions of Gly-Gln into denervated cat SCG on another enzyme of the cholinergic system, choline acetyltransferase (ChoAcTr; acetyl-CoA:choline O-acetyltransferase, EC 2.3.1.6). Unexpectedly, Gly-Gln was found also to maintain the ChoAcTr activity. Because this enzyme, in contrast to AcChoEase (5) , is confined to the preganglionic fibers and their terminals (6) (7) (8) (9) , the present results raise the interesting possibility that Gly-Gln may oppose the degeneration of sectioned axons.
No consistent effect of Gly-Gln infusion was found on the tyrosine hydroxylase [L-tyrosine, tetrahydropteridine:oxygen oxidoreductase (3-hydroxylating), EC 1.14.16.2] content of infused SCG.
METHODS
Surgical and infusion procedures were identical with those reported (10) . Under ketamine anesthesia (20 mg/kg, intramuscularly), 1 cm of tissue was resected from both cervical sympathetic trunks; the wound was sutured and Combiotic (penicillin/dihydrostreptomycin, 0.5 ml intramuscularly; Pfizer) was given. One day later, cats were anesthetized with sodium pentobarbital (35 mg/kg, intraperitoneally); artificial respiration was administered through a tracheal catheter attached to a Palmer pump, and a slow intravenous infusion of 5% glucose/0.45% NaCl was started. Heparin (50 units/ kg, intravenously) was administered just before bilateral ligation of the external carotid and lingual arteries. Infusion of the solution under test (Gly-Gln, incubated overnight with heat-treated cat plasma and diluted to 3 ,uM with 0.9% NaCl) was begun and continued until the time of sacrifice, -24 hr later (exactly 48 hr postdenervation), with a total of -400 ml. The solution was infused by a 27-gauge hypodermic needle inserted into the right common carotid artery and attached by Tygon tubing to a reservoir enclosed in an ice-water bath; a Harvard peristaltic pump and mercury manometer were interposed. Deep anesthesia was maintained by repeated intravenous doses of sodium pentobarbital as required; atropine or mephentermine was administered whenever wheezing respiration or persistent hypotension occurred. At the end of the infusion period, the SCG were excised, weighed, and homogenized with 0.125 ml of H20 per mg of wet weight ganglion in a motor-driven ground-glass conical tube enclosed in an ice-water bath. Homogenates were immediately frozen and kept at -70°C until delivered to the laboratory at Temple University (J.J.O.) for assay. Two cats were infused with higher concentrations of Gly-Gln.
At the time of each infusion experiment, an additional cat was similarly denervated and maintained under anesthesia with sodium pentobarbital while the experimental cat was being infused. Its SCG were excised 48 hr postdenervation and treated similarly. Previously, such treatment has been shown to result in the same degree of fall in AcChoEase content of the SCG as preliminary surgery and infusion of 0.9% NaCI (11) . However, to ascertain whether the same situation held for ChoAcTr, three additional cats were treated exactly as the Gly-Gln-infused cats but infused with the same volume of 0.9% NaCl. Control values were obtained with the SCG of normal cats that were excised under anesthesia with sodium pentobarbital.
ChoAcTr was assayed in accordance with a modification of the method of McCaman and Hunt (12) . Five microliters of homogenate (2-12 ,g of protein) or blank was added to a tube in an ice-water bath containing 90 jM [14C]acetyl-CoA (19 mCi/mmol; 1 Ci = 37 Gbq); 5 mM choline chloride, 0.2 mM eserine sulfate, 0.05 M sodium phosphate buffer (pH 7.4), 0.3 M NaCl, 0.02 M MgCl2, 0.25% Triton X-100, and 0.05% bovine serum albumin; total volume, 20.0 ,ul. After brief centrifugation (1000 x g at 4°C for 10 min), the tubes were incubated at 37°C for 20 min. They were then placed in an ice-water bath; 4.0 ,ul of 0.01 M unlabeled acetylcholine was added as carrier, and centrifugation was repeated.
Instead Proc. Natl. Acad. Sci. USA 86 (1989) modified by White and Wu (14) . After 30 sec in a boiling water bath, the supernatants were poured through ion-exchange columns containing pretreated Bio-Rad Agl-X8 anionexchange resin, 100-200 mesh; this procedure was followed by five 100-,ul H20 rinses and two 0.5-ml H20 rinses before collection in scintillation vials containing 15.0 ml of Chaikoff's counting solution. 
RESULTS
The ChoAcTr contents of SCG that were denervated 48 hr previously, with maintenance of anesthesia from 24 to 48 hr postdenervation, fell to 36% of the mean control value (Table  1) . When cats were infused from 24 to 48 hr postdenervation with 3 ,uM Gly-Gln, the mean value for the ChoAcTr contents of the SCG was 82% that of controls. These values differ significantly at P < 0.001. In one cat infused with 0.1 mM Gly-Gln and another cat infused with 1 mM Gly-Gln, the corresponding values were 75% and 62%, respectively. Although these values are below that obtained with the lower concentration of Gly-Gln, they do not show the marked inhibition found for AcChoEase contents after infusion of the same concentrations of Gly-Gln (10).
The mean value for a smaller number of "sham-infused" (0.9% NaCI) SCG, 55% of controls, was higher than that of the noninfused denervated cats. However, it differs from the mean for the Gly-Gln-infused cats at the same degree of significance, P < 0.001.
Values for tyrosine hydroxylase varied widely and did not consistently relate to treatment.
DISCUSSION
Until now, this project has concentrated on the maintenance by Gly-Gln, or a small endogenous peptide, of denervated ganglionic AcChoEase, an enzyme that is present at both preand postsynaptic locations. It has been assumed that the neurotrophic effect is exerted chiefly at the latter site (1). The present results focus attention on the presynaptic axons, which, as noted in the introduction, are most likely the sole site of ChoAcTr in the SCG. If the action of Gly-Gln is primarily presynaptic, this action may explain the failure of repeated attempts to demonstrate a neurotrophic effect of Gly-Gln for AcChoEase on T28 or PC-12 cells in culture (J. Spivack, R. Weinmann, M.S.H., and G.B.K., unpublished work) or on cultured suspensions of dispersed cerebral neurons (R. A. Pieringer, H. S. Ved, M.S.H., and G.B.K., unpublished work) or quail muscle (R. L. Rotundo, unpublished work). At the same time, several questions remain unanswered.
What other enzymes may be affected by Gly-Gln? As noted in Results, we were unable to detect any effects on tyrosine hydroxylase. Does Gly-Gln act by regulation of the synthesis of certain enzymes or by maintaining the structural integrity of sectioned axons? Or, like essentially all drugs, does Gly-Gln have more than one site or mechanism ofaction? The recent finding (18) that Gly-Gln enhances the rate of regeneration of AcChoEase in skeletal muscle after its inactivation by an organophosphate in the absence of nerve damage suggests that Gly-Gln, indeed, directly affects AcChoEase synthesis. (55% of controls) Means are expressed ± SEM. R, right; L, left. If all figures marked with an asterisk (cats D, L, C-left) are included in the calculations, the following values are obtained: denervated, 60 ± 9; denervated with 3 ,uM Gly-Gln infusion, 132 ± 11. The latter value still differs from the mean of the denervated only at P < 0.001 and differs from the mean of the denervated, saline-infused SCG at P < 0.005. *Omitted from calculation of means because these values are > 3 SEM outside of the respective means for the remaining SCG in each set.
tGreater than the means of denervated and denervated, salineinfused SCG, P < 0.001.
